Abstract-The transgenic plants of French bean (Phaseolus vulgaris) resistant herbicide Pursuit and kana mycin have been obtained. The genetic transformation was carried out with Agrobacterium tumefaciens strain LBA4404 containing binary vector carrying mutant ahas/als and selective nptII genes. Integration of the transgenes into plant genome was confirmed by polymerase chain reaction.
INTRODUCTION
Herbicide Pursuit belongs to imidozolinone group and inhibits the acetolactate synthase enzyme involved into biosynthesis of hydro xyaminoacids such as valine, leucine, isoleucine. The mechanism of imidozolinone effects has lots in common with the one of sulfonylurea [1, 2] . Plant resistance to this her bicide is caused by the acetolactate synthase (ahas/als) gene mutation that consequently changes proline for serine in position 197 [3] .
The imidasolinone resistant plants were obtained by mutagenesis [4] as well as transferring of the mutant acetolactate synthase gene to plant tissues [5] [6] [7] [8] . Sul fonylurea resistant mutants were obtained for Nicoti ana tabacum [9] , Arabidopsis thaliana [4] , soybeans [10] , Brassica napus [11] , Datura innoxia [12] , Zea mays [13] . Transgenic sulphonilurea resistant Nicoti ana tabacum plants were obtained as well [14] . We have also obtained the Pursuit resistant transgenic plants of pea (Pisum sativum L.) [15] .
French bean (Phaseolus vulgaris L.) belongs to the leguminous plants. Genetic transformation is expected to improve its edible qualities and form the new plant properties such as resistance to diseases, herbicides, pests and abiotic stresses. There are only few reports describing transgenic French bean pro duction. Genetically transformed plants of French bean were developed by the method of particle bom bardment [16] . The obtained plants contained gus and neo genes, which were co introduced with methion ine rich 2S albumine gene isolated from Brazil nut 1 The article is published in the original. and antisense sequence of AC1, AC2, AC3 and BC1 genes from bean golden mosaic geminivirus. Simulta neously transgenic plants of French bean with fgus reporter gene were obtained by particle bombardment [17] . Tepary bean (Phaseolus acutifolius L. Gray) transgenic plants containing gus, nptII genes and arce line protein gene conferring resistance to insects (Coleoptera, Bruchidae) were obtained via Agrobacte rium tumefaciens mediated transformation [18] . There is one report describing the production of French bean transgenic "hairy roots" carrying gus and gfp genes [19] .
The purpose of this work was to develop Agrobacte rium mediated transformation protocol and to con struct transgenic French bean (Phaseolus vulgaris L.) plants resistant to herbicide Pursuit.
MATERIALS AND METHODS
Aseptically growing French bean (Phaseolus vul garis L.) plants of "Krasnoperaya," "Nezhnost" and "Chudesnaya" varieties were used for this study.
Genetic transformation was carried out with Agro bacterium tumefaciens strain LBA4404 containing mutant ahas/als gene and neomycine phosphotrans ferase II selectable (nptII) marker gene in the binary vector pCB004.
Plant leaves and stems were cut into explants and put onto basal B5 [20] agar solidified medium with 1 mg/12,4 D, 0.2 mg/1 BAP and 0.5 mg/l adenine for callus initiation. After 2-3 weeks the calli were trans ferred to the same but liquid medium and Agrobacte rium tumefaciens overnight grown culture was added in proportion 1/100. Co cultivation was held on at 22°C in the dark for 48 h. Callus was infiltrated, washed by sterile water and put onto the agar solidified nutrient B5 medium con taining 400 mg/l cephotoxime for bacteria elimination and 40 µg/l Pursuit and 100 mg/l kanamycin. In 4-6 weeks the selected callus clones were put on the regeneration medium with B5 basal components, 2 mg/l BAP, 0.2 mg/l IAA, Ag 2 S 2 O 3 and the same selec tive agents. Ag 2 S 2 O 3 was added as 5 mg/l AgNO 3 + 248 mg/l Na 2 S 2 O 3 .
Regenerated shoots were transferred onto hormone free B5 medium for root formation. Fully formed plants were put from aseptic conditions into soil in humidity chamber for 2-3 days. Finally, plants grown in greenhouse formed flowers and seeds after manual pollination.
Primers for amplification of ahas/als gene sequence f.5' CCGAGCTCACACATTTCTCG 3', r.5' AAGGTTCTGATAATCACCGG 3' and the ones for amplification of nptII gene f.5' GAGGC TAT TCGGCTATGACTG 3', r.5' CAAGCTCT TCAG CAATATCACG 3' were used for poly merase chain reaction (PCR). 300 bp fragment was amplified by PCR for ahas/als gene and 647 bp fragment was amplified for nptII gene. The sample of 10 ng of total plant DNA extracted by CTAB method was used for this reaction [21] . The PCR reaction was carried out on Eppendorf Mastercycler personal and the mixture in total vol ume of 50 µl contained of 39 µl with tem plate DNA, 1 µl of each the primers (50 µM), 4 µl dNTPs (2.5 mM), 5 µl 10 × Taq buffer and 1 µl with 1 unit of Taq polymerase Template DNA was ini tially denatured at 95°C for 3 min. Reaction fol lowed by 35 cycles of PCR amplification under the following conditions: 45 s denaturation at 95°C, 30 s primer annealing at 50°C for ahas/als gene and 56°C for nptII gene, and 45 s primer extension at 72°C. Final 6 min incubation at 72°C was allowed for complementation of the fragment. After 40 cycled amplification the samples were fractionated in 2% agar gel in the field voltage of 100 V/cm for 2 h in TBE buffer. The gels were stained by ethidium bromide.
RESULTS AND DISCUSSION
The selective concentration of herbicide Pursuit for callus tissues of all the studied bean varieties was spec ified to be 40 µg/1. The herbicide effect on callus tis sues caused the stop of their biomass increasing and led to death at last.
Genetic transformation was carried out with Agro bacterium tumefaciens harbouring pCB004 plasmid for transferring mutant ahas/als gene and selective nptII gene as described in "Material and Methods" section. Selection was done on the agar solidified callus induc ing medium with 40 µg/l Pursuit and 100 mg/l kanam icyn. Selected callus clones were put on the regenera tion medium with the same selective substances and Ag 2 S 2 O 3 . Silver thiosulfate is known for its antiethyl ene effect that led to promotion of the regeneration capacity for calli [22] . In 2-3 months some of the selected calli formed dark green regenerating spots that were used for further shoot regeneration (Fig. 1) . The regeneration frequencies varied from 1.7 to 7.5%. The results of the regenerating lines selection are shown in the table. There were no morphogenesis or callus formation observed for control (not treated with Adrobacterium) explants on selective medium with kanamicyn and Pursuit for all tested French bean cultivars. Due to the poor regeneration ability of bean "Chudesnaya" we didn't manage to obtain the transformants.
All the obtained regeneration lines were analysed using PCR analysis for the ahas/als and nptII trans genes. There were 3 regeneration lines of "Nezhnost" variety and 10 lines of "Krasnoperaya" variety that had positive signals after PCR analysis. The results for ahas/als gene are shown on the Fig. 2 and for nptII gene on the Fig. 3 . The transformation frequencies varied from 2.8 to 17.4%.
The obtained transgenic French bean plants were rooted and then bloomed in vitro though they did not form seeds. But we managed to get seeds in greenhouse after manual pollination (Fig. 4) .
The present work is to the best of our knowledge the first report where transgenic plants of French bean have been obtained through Agrobacterium tumefa ciens transformation. Developed protocol allowed us to get Pursuit resistant bean plants. Early we reported about regeneration of Pursuit resistant transgenic plants of pea (Pisum sativum L.) [15] . This communi cation confirms the efficiency of the worked out pro tocols for genetic transformation of some leguminous plants. 
